Summary: Hypothalamic terminals were investigated in the rat posterior pituitary (PP). Injection of wheat germ agglutinin conjugated horseradish peroxidase (WGA-HRP) and co-injection of WGA-HRP with Rab3A-siRNA were made into the hypothalamus, respectively. Additional injection of WGA-HRP was made into the hypothalamus in the animals exposed to ethanol. These injections resulted in heavy labeling of fibers exclusively confined to the PP. Ultrastructural observations showed terminals, fibers, pituicytes, capillaries and vascular spaces in the PP. Although the majority of terminals were observed to contain large dense core vesicles (LDCVs) and HRP-reaction products (HRP-RPs), exocytosis of LDCVs in close proximity to cell membrane was not found. Interestingly, a few terminals showed alteration of cell membrane called "apocrine-like structure" containing LDCV and RP. The narrow neck portion of the structure gave the appearance that it may have been in some stage of separating from terminals. Other remarkable feature was that terminals occasionally reveal the structure of "leakage" of RP discharged into vascular spaces crossing cell membrane. Such hormone-releasing mechanism might be involved in one of "diacrine-like secretion". In the present study secretion-related structures of hypothalamic terminals in the PP are quite different from normal vesicular exocytosis.
Introduction
In the hypothalamo-neurohypophysial system, it has been well known that hormones are released by exocytosis from neurosecretory granules occupying the neurohypophysial terminals. Interestingly, many investigators proposed the existence of other mechanism of secretion at the terminals because the frequency of occurrence of the features indicating vesicular exocytosis is very low (1) (2) (3) (4) . They suggested its mechanism to be "diacrine secretion" which was characterized by passing through cell membrane. With respect to the non-vesicular transport, our recent studies in Rab3A-siRNA-and ethanol-treated rats also indicated alteration of membrane of the vagus nerve terminals in the nucleus of solitary tract and it was called "apocrine-like structure" which was quite different from normal vesicular exocytosis (5) (6) (7) . On the basis of its morphological characteristic, it was hypothesized that this structure possibly plays an important role in the process of synaptic transport of materials including proteins. Although synaptic transmission on neuronal network is exclusively essential for the brain function, effects of non-vesicular transport on neuronal mechanisms have not been sufficiently explored. The aim of the present study is to investigate the possible secretory mechanisms of hypothalamo-hypophysial terminals, having no relevance to vesicular exocytosis, in the rat posterior pituitary (PP) using wheat germ agglutinin conjugated horseradish peroxidase (WGA-HRP).
Materials and Methods
The present experiments were performed on male Wistar rats, weighing 210-360 g, obtained from CLEA Japan, Inc (Tokyo, Japan). The animals were housed in separate cages and maintained under standard laboratory conditions (23 ± 1 °C, 12-h light: 12-h dark cycle, food and water ad libitum ). Experimental procedures were carried out in accordance with National Institute of Health (NIH) for Care and Use of Laboratory Animals. The Kagawa University Animal Care and Use Committee approved the procedures (authorization number of the ethical approval: No. 78), and all efforts were made to minimize the number of animals used and their suffering.
Animals were anesthetized with intraperitoneal injection of chloral hydrate (490 mg/kg) for all surgical procedures. Fourteen rats were used and divided into three groups. 0.2-0.3 μl of a solution of 4 % WGA-HRP (Vector Laboratories, Inc) on 6 rats or working solution of 1.0 nM Rab3A-siRNA containing 4% WGA-HRP on 4 rats were injected into the hypothalamus including the paraventricular, supraoptic and surrounding nuclei on both sides using a Kopf stereotaxic instrument and 1 μl Hamilton microsyringe fitted with a glass micropipette (tip diameter: 60 μm). Rab3A-siRNA stock solutions (3.0 nM) were diluted by double distilled RNAase free water and stored in aliquots at -80 °C. Working solution (1.0 nM siRNA/5 μl) was mixed with each aliquots (1:4 v/v) and 4% WGA-HRP. Rab3A selective siRNA mixture (3 target-specific siRNA for Rho/Rab subfamily, santa cruz, sc-36343) did not show any sign of behavioral toxicity. In the other experiment on 4 rats, on the basis of the previous studies (8-10), animals were allowed free access to a liquid diet (Oriental Yeast, Tokyo, Japan) containing ethanol (99.5% ethyl-alcohol, Wako, Osaka, Japan) for a period of 3 weeks. The ethanol concentration of the liquid diet was gradually increased; it was 2.5% (w/v) for Days 1-2, 4.0% (w/v) for Days 3-4 and 5.0% (w/v) from Days 5 to 21 of the treatment period. Such animals also had hypothalamus injected with 4% WGA-HRP on the both sides. The animals used in the experiment of this group showed blood alcohol concentration at the end of the treatment period ranging from 1.2 to 2.3 mg/ml as reported in our previous study (7) .
After a survival period of 2-3 days, these animals described above were sacrificed by perfusion through the ascending aorta with 0.1M phosphate buffer (pH 7.4) followed by a fixative of 1% paraformaldehyde and 1.25% glutaraldehyde in 0.1M phosphate buffer. In 3 of 6 rats received only WGA-HRP injection, the PP and hypothalamus were cut transversely into 30-40 μm-thick sections on freezing microtome and processed for HRP histochemistry using TMB (11) and DAB (12) as the chromogen. The PP and hypothalamus in other animals were cut transversely into 200 μm-thick sections using a vibratome (Leica VT 1000S, Germany) and processed for demonstration of HRP-RP according to the heavy metal-intensified DAB method (13) . The sections were postfixed in buffered 1% osmium tetroxide for 2 h, block-stained in saturated uranyl acetate for 1 h, dehydrated in graded alcohols and embedded in an epoxy resin mixture. The PP region was identified by examination of toluidine blue-stained or unstained 1 μm-thick sections. Ultrathin sections of this region were cut, put on 200-mesh copper grids and observed without further lead citrate staining using a JEM 200 CX electron microscope.
Results
In rats of the first group received injection of WGA-HRP, the site of injection diffused largely to hypothalamic areas including the paraventricular, supraoptic and surrounding nuclei on the both sides. This experiment resulted in heavy labeling of fibers of hypothalamo-hypophysial tract. The labeling was exclusively confined to the bilateral PP which could be separated completely from no labeled pars intermedia ( Fig. 1) . After identifying the PP by examination of 1 μm-thick sections, the region was observed without further lead citrate staining at the electron microscopic level. Ultrastructural observations showed various structures, such as terminals, fibers, pituicytes, vacuoles, capillaries and vascular spaces (Fig. 2) . Particularly, the majority of terminals were observed to contain large dense core vesicles (LDCVs) and HRP-reaction products (HRPRPs) recognized as electron-dense lysosomal substances. However, exocytosis of LDCVs in close proximity to cell membrane was not found in the PP (Fig. 2) . Interestingly, the animals revealed the presence of some unusual struc- tures at terminals. Such structures consisted of a protrusion of membranes into vascular spaces (Fig. 3A) which showed quite similar feature to that reported previously as "apocrine-like structure" of pre-synaptic terminals (7). These seemed to have a frequency of 1-3 protrusions per one square hole of the 200-mesh copper grid. The protrusions remained attached to the membranes at the narrow neck portion and contained LDCV and RP. The narrow neck portion of these protrusions gave the appearance that these may have been in some stage of separating from the membrane of terminals (Fig. 3B) . The protrusions appeared to be separated from membranes and transported into vascular spaces ( Fig. 3C and D) . In rare cases terminals apparently showed the protrusions containig small clear vesicle and LDCV into the pituicytes (Fig. 4A) .
Other remarkable feature in the present study was that the terminals occasionally revealed the structure of "leakage" of RP. In this case vesicular exocytosis was not observed at terminals containing small clear vesicles and LDCVs. Contents of this structure, consisting of electron dense and light substances, appeared to make contact with LDCV in the terminals and to be discharged into vascular spaces crossing the membrane of terminals (Fig. 4B) . In other two groups of Rab3A-siRNA-and ethanol-treated rats, light and electron microscopic observations represented quite similar features to those described above. With respect to protrusion of membranes into vascular spaces, it seemed to be higher frequency (Fig.  5A-C) . Particularly, the experiment in animals received co-injection of WGA-HRP with Rab3A-siRNA into the hypothalamus frequently resulted in "apocrine-like structure" containing LDCV (Fig. 5A and B) . Although there was a large RP in vascular spaces (Fig. 5D) , a typical structure of "leakage" as shown in Fig. 4B could not be found in the terminals.
Discussion
The present study indicates secretion-related structures of the hypothalamo-hypophysial terminals which are quite different from normal vesicular exocytosis in intact, Rab3A-siRNA-and ethanol-treated rats. Major morphological alteration is commonly characterized by protrusions of membrane of hypothalamic terminals called "apocrine-like structure" frequently seen in the exocrine glands (14) (15) (16) (17) (18) . It should be noted that the protrusions contain HRP-RP and LDCV. The narrow neck portion of these protrusions seemed to give the appearance of some stage of separating from the axon terminals, and finally HRP-RP and LDCV are being transported into vascular spaces or rarely into pituicytes. In fact, LDCV was found to be surrounded by cell membranes as shown in Fig. 3D , 4A, 5A and 5B. Although this transport is not considered to be based on the exocytosis of LDCV from the terminals, it raises the possibility that the transport is closely related to hormone releasing to blood vessels. With respect to the protrusions of cell membranes, the structures are observed in our previous study of the normal rat PP (19) . Furthermore, it is of particular interest that similar protrusions are also reported by Nakai et al. (20) who studied fine structures of the cerebrospinal fluid-contacting neurons in hypothalamus of lamprey. They have named the structure "apocrine-like process" and described the presence of small clear vesicles, LDCVs and multivesicular inclusion bodies in the process of neurons. They speculate the morphological structure to be associated possibly with diacrine secretion because of intraventricular processes occupied with many empty granules. However, as an additional observation, they reported the existence of the small cytoplasmic protrusions presumably involved in microapocrine secretion. In this point, "apocrine-like process" seems to reveal functional similarities to "apocrine-like structure" which our evidence indicated. Furthermore, in the present study the protrusion called "apocrine-like structure" is quite similar to that of axodendritic and axosomatic terminals of the vagus nerve in our previous experiments of Rab3A-siRNA-or ethanol-treated rats (6, 7) . It is reported exactly in ethanol-treated rats receiving WGA-HRP injection into the vagus nerve that "apocrine-like structure" of these Fig. 4 . Electron micrographs of "apocrine-like structure" (A) and structure of "leakage" of HRP-RP (B) rarely observed in hypothalamo-hypophysial terminals after WGA-HRP injection into the hypothalamus in intact rats. In "apocrine-like structure" the terminal apparently showed a protrusion containing small clear vesicle and LDCV into the pituicyte. On the other hand, contents of "leakage" which was considered to be one of "diacrine-like secretion" made contact with LDCV in the terminals (small arrow) and were discharged into vascular spaces crossing the membrane of terminal. Large arrows indicate empty granules whose limiting membranes still remain essentially intact. Arrowhead indicates cell membrane extending to the opposite side which seems to give the appearance of some stage of separating from the terminal. VS, vascular spaces. Calibration bars = 0.2 μm in A, 0.5 μm in B.
synaptic terminals contains HRP-RP, LDCV, small clear vesicles, vacuoles, flattened cisternae and lamellar bodies, and finally separates from axon terminals to post-synaptic neurons. Taken together, nerve terminals might be determined to show the common alteration of membranes which plays an important role in transport of materials including proteins. The other alteration of terminals is characterized by structure of "leakage" of HRP-RP as shown in Fig. 4B . This structure appears that RP contacts with LDCV in the terminals and is being discharged into vascular spaces crossing cell membrane. Interestingly, the contents consist of electron dense and light substances possibly originating from RP and hormones of the PP, respectively. It is assumed that substances discharged from the terminals are identified as a large mass in vascular spaces. Such hormone-releasing mechanism might be involved in one of "diacrinelike secretion" according to textbook classification. Up to date, there are a lot of studies suggesting the mechanism of "diacrine-like secretion" in the brain (21) (22) (23) (24) and kidney (25) (26) (27) . This mechanism of secretion has been indicted to be occurred by a process which is also quite different from vesicular exocytosis and to be difficult to visualize. It is a common feature of "diacrine-like secretion" in the hypothalamo-hypophysial terminals that the processes are occupied with empty granules after secretion (3, 4, 19, 20) . In this point, such granules are frequently identified in the present study. However, the detailed morphology forming the empty granules remains uncertain.
In our previous study of the vagus nerve terminals, inhibiting the expression levels of Rab3A-mRNA using Rab3A-siRNA induced a quite similar morphological alteration to that of "apocrine-like structure" demonstrated in the PP. This low expression was assumed to modulate the level of transport of proteins from pre-synaptic terminals to post-synaptic neurons (6) . Furthermore, similar alter- ation of terminals was induced by ethanol exposure (7) . The effects of ethanol exposure on neurons are reported to be associated with marked decrease in numerical densities of dendritic spines (28) , decrease in number of synaptic vesicles in pre-synaptic terminals (29) , thicker post-synaptic densities (30) and cytoskeletal changes (31) (32) (33) .
In the present study ethanol exposure to rats inhibited approximately 13% of the expression of Rab3A-mRNA in the PP compared to the control animals (unpublished data) although blood alcohol concentration at the end of the treatment period showed ranging from 1.2 to 2.3 mg/ ml. The frequency of occurrence of "apocrine-like structure" of hypothalamo-hypophysial terminals appeared to show almost no difference between animals receiving Rab3A-siRNA injection and exposure of ethanol. Interestingly, in the present study "apocrine-like structure" was also found in the intact animals receiving WGA-HRP injection into the hypothalamus in contrast to the control animals receiving WGA-HRP injection into the vagus nerve (6, 7). Although we cannot explain the reason sufficiently, it should be noted that most of the structures are found at terminals facing vascular spaces. Only few structures could be observed around regions making contact with pituicytes as shown in Fig. 4A . These remarkable features are highly suggestive of a process of secretion, as a response to high uptake of WGA-HRP, that is not related to exocytosis and of tendency of occurrence on membrane of terminals making no contact with other cells. Additionally, WGA used here is considered to increase secretory activity of neurons. In fact, there is expression of WGA receptors on surface plasma membranes of most neurons (34) and WGA effects on processing of Notch (35) . However, higher frequency of occurrence of "apocrinelike structure" in animals receiving Rab3A-siRNA injection and ethanol exposure apparently means that the alteration is mainly induced by neuronal damages.
In conclusion, tracer enzyme of WGA-HRP made possible to visualize the specific structures of hypothalamo-hypophysial terminals in the PP. Although the role of morphological alteration is unknown, it is possibly related to compensatory or recovery responses to Rab3A-siRNA-and ethanol-induced neuronal damages. These findings might contribute to enhance our understanding of neuronal transport of materials including proteins in synaptic dysfunction or fragile synaptic formation in the early-stage of neuronal network.
